The parabolic equation method is an effective approach when the acoustic wave field is incident at low grazing angles onto a rough surface. The method consists of an integral equation and an integral, the first of which yields the surface field derivative. The main part of this paper is concerned with an approximation to this equation, valid when wavenumber times surface height is up to order unity. The approximation has several advantages. First, it allows a decomposition of the equation into deterministic and stochastic components. The stochastic part depends only locally upon the surface in certain regimes, and this can give rise to a great reduction in computational expense. Some basic statistical moments of the stochastic component are also considered. These are nonstationary, but for the incident field a simple stationary transformation is found, which can therefore be compared with Monte Carlo simulations using far fewer realizations. These results are demonstrated computationally. The final part of the paper describes the numerical implementation of the full parabolic equation method. Both of the integrals'contain singularities, and these are treated semianalytically.
INTRODUCTION
The problem of acoustic scattering from rough surfaces has received considerable attention in recent years. Different theoretical methods are used for various scattering regimes, such as perturbation theory for small surface heights and the Kirchhoff approximation for small slope. When the field is incident at low grazing angles, neither of these remains accurate at moderately large surface heights (Thorsos'), and a successful approach is the parabolic equation method (e.g., Thorsos The main purpose of this paper is to introduce and exploit an approximate form of this Volterra integral equation, which is shown to be accurate for surface heights times wavenumber up to order unity. The approximation has several advantages. It first allows us to decompose the problem naturally into two parts: a deterministic part plus a random part; these correspond to the field incident on a flat surface and its perturbation • due to the surface variation. When the correlation length is comparable to a wavelength, the solution 8•/8z is far more localized than the corresponding full solution o•/a•z, depending only on nearby values of 3, and this then greatly reduces the computational expense. This field decomposition also enables us to examine some of the Both integrals contain singularities, arising from zero denominators and an exponent tending to infinity. These are treated semianalytically, and the procedure and its numerical implementation are described in Sec. III. The equations are discretized with respect to range and product integration used for both integrals. Where the singularities are most acute, away from the surface, the equations are recast in terms of Fresnel integrals.
I. BASIC EQUATIONS
We set out here the equations to be solved, following Thorsos, 2 and make some preliminary definitions. We also give the form of the incident field and the surface statistics that were applied for the computational results presented below.
We consider in this paper the two-dimensional scattering problem, i.e., from a one-dimensional surface. We will be treating the case in which the field is incident at low grazing angles and is well described by the parabolic wave equation. 
and ( We thus replace the operator A by its deterministic counterpart .40:
This approximation proves to be accurate for fairly high surface roughness, with k• up to order unity, and turns out to be very convenient. For smaller values of k•, the approximation gives results almost identical with those from the full form.
To get a heuristic idea of the order of accuracy of (7) ed by applying the same restricted window to the full Eq. (4), without separating the stochastic part 6' from When compared with the full form of W', there is a complete lack of agreement, as shown in Fig. 4(b) , even though no approximation such as (7) --x')   of second order or higher, and writing  x, --x' = (x, --x') --(x, -- 
The derivative h'(x r) here can be approximated by finite differences. Substituting (13) into (12), making a change of variables, and again using product integration, the subintegral takes the approximate form
• x e-'•k/2'aq•'(Xr+• )Jb, 7 dy. Fig. 6(b) .
IV. CONCLUSIONS
The parabolic equation method 2 is an effective one for a wave incident at low grazing angles on a rough surface. Our numerical approach has been described, and an approximation to the method has been introduced, which is valid for k• up to order unity. The approximation has several consequences. It allows the wave field to be split into a sum of deterministic and stochastic components. This, in turn, greatly reduces the computational expense because the stochastic part has a localized behavior. The decomposition also provides a framework for examination of some of the 
